The aim of this article is to provide an analytical and numerical investigation to the 
Introduction
Squeeze flow is a type of flow in which a fluid is compressed between two parallel discs approaching each other. The unsteady squeeze flow between two discs in motion is regarded as one of the most important research topic due to its scientific and engineering applications such as compression and injection moulding, blood flow due to expansion and contraction of vessels, movable pistons in engines, hydraulic brakes, lubrication and material processing, cooling towers etc.
Von Karman [1] was the first to introduce the famous transformations and reduced the Navier-Stokes equations to a fourth order ordinary differential equations which were solved by approximate integral method. Lance et al. [2] used shooting techniques and obtained the numerical solutions of Navier-Stokes equations by using the similarity transformations of Von Karman [1] . Holodniok [3] solved the same problem using finite difference method and Newton's iteration for obtaining solutions at higher Reynolds number. Mustafa et al. [4] studied heat and mass transfer characteristics in a viscous fluid which is squeezed between parallel plates. They found that the magnitude of local Nusselt number is an increasing function of Prandtl and Eckert number.
To understand the magneto-hydrodynamics (MHD) flow it is strongly related to the study of physical effects which take place in MHD. According to Lenz's law motion of a conductor into a magnetic field, electric current is induced in the conductor and creates its own magnetic field. When currents are induced by motion of a conducting fluid through a magnetic field a Lorentz force acts on the fluid and modifies its motion. In MHD, the motion modifies the field and vice versa. This makes the theory highly non-linear [5, 6] . Hughes et al. [7] studied squeezed flow of an electrically conducting fluid between two discs in the presence of a magnetic field. It has been shown that the load capacity of the normal force which the fluid exerts on the upper disc is dependent on the magnetohydrodynamics interactions in the fluid. Verma [8] studied the squeeze film lubrication of a magnetic fluid between two approaching surfaces in the presence of an externally applied magnetic field. He assumed that the applied magnetic field has components of the form:
= ( ) cos , = ( ) sin , = 0 where = ( , ).
The Navier-Stokes equation with applied magnetic field is also solved by Siddiqui et al. [9] . They reduced the governing equations to a fourth order coupled ordinary differential equations. Approximate solutions are obtained up to first order by assuming that the flow is symmetric at = 0 and meets no slip conditions at the upper plate. Kuzma et al. [10] studied MHD squeeze films both theoretically and experimentally taking into account the fluid inertia effects and buoyant forces.
Excellent agreement has been obtained between theory and experiment. Krieger et al. [11] studied the MHD lubrication flow between parallel stationary disks in an axial magnetic field. He also obtained excellent agreement between theory and experimental results until the transition to turbulent flow occurred. Sheikholislami [26, 27] studied the effect of magnetic field on nanofluid flow and concluded that nanoparticles can change the thermal behavior of nanofluids. Effect of magnetic field on fluid flow is also studied by [22, 23, 24, 25] Existing information on the topic witnessed that the flow between unsteady squeezing rotating discs with cross diffusion effects under the influence of variable magnetic field in polar coordinates has never been reported and is the very first study in the literature. The present paper is time dependent squeezed flow between two parallel discs which at time = 0 + are spaced at a distance ( ) = (1 − ) 0.5 , where and −1 denotes representative length and time respectively [12, 13, 14] . The lower disc situated at = 0 is fixed/stationary and porous while upper disc at = ( ) is movable and rotating with angular velocity proportional to Ω(1 − ) − 1, where Ω represents the angular velocity with dimension −1 [12, 14, 15] . The fluid is also under the influence of an external applied magnetic field , which will give rise to an induced magnetic field ( , , ) with components , and between discs. The model problem has been solved by HAM proposed by Liao [16] and by numerical package BVP4 . In the following sections, the problem is formulated, analyzed and discussed through graphs and tables.
Calculation
An axisymmetric flow of an incompressible viscous fluid is considered between two parallel discs separated at a distance of ( ) = (1 − ) 0.5 , where is representative length equivalent to the disc separation at = 0. The upper disc is rotating with an angular velocity Ω and is moving towards or away from the fixed lower disc. Also the upper disc is under the influence of an external applied magnetic field with radial, tangential and axial components; [11] . On the lower disc and are assumed to be zero [18] . The external applied magnetic field will produce an induced magnetic field ( , , ) with components , , ). The cylindrical coordinates ( , , ) with the origin fixed at the center of lower disc is used. The upper and lower discs are maintained at constant temperature and respectively.
The unsteady incompressible and axisymmetric equations of continuity, momentum, magnetic field, energy and transport are [19, 20, 21, 22] ,
Boundary conditions
The boundary conditions for the squeezing flow under consideration is given by
Velocity and magnetic field:
where , and are the velocity components along radial, tangential and axial directions respectively, is the pressure, is temperature, is concentration, is thermal diffusivity, is fluid density, is diffusion coefficient, is mean fluid temperature, and denotes the temperature and concentration at the lower disc while and are temperature and concentration at upper disc respectively, is kinematic viscosity, is electrical conductivity, is specific heat at constant pressure, is conductivity, is thermal diffusion ratio, is mean fluid temperature, is Stefan-Boltzmann constant, is the mean absorption co-efficient and is the radiative heat flux such that ∇ = To reduce the partial differential Eqs. (1), (2), (3), (4), (5) and (6) to a system of ordinary differential equations, we use the following similarity transformations [17] . 
and the boundary conditions are reduced to is the Dufour number.
Analysis
The analytic method HAM is used to solve system of Eqs. (9), (10), (11), (12), (13), (14) and (15) . Due to HAM, the functions ( ), ( ), ( ), ( ), ( ) and ( ) can be expressed, by a set of base functions , ≥ 0 as:
where , , , , and are the constant coefficients to be determined. Initial approximations are chosen follows:
The auxiliary operators are chosen as
with the following properties The Zeroth order deformation problems can be obtained as:
The nonlinear operators of Eqs. (9), (10), (11), (12), (13) and (14) 
where is an embedding parameter, ℏ , ℏ , ℏ , ℏ , ℏ and ℏ are the nonzero auxiliary parameter and N , N , N , N , N and N are the nonlinear parameters. For = 0 and 1, we havē
so we can say that as varies from 0 to 1,
Taylor's series expansion of these functions yields:
it should be noted that the convergence of above series strongly depends upon ℏ , ℏ , ℏ , ℏ , ℏ and ℏ .
Assuming that these nonzero auxiliary parameters are chosen so that Eqs. (35), (36), (37), (38), (39) and (40) converges at = 1. Therefore one can obtain
Differentiating the deformation Eqs. (35), (36), (37), (38), (39) and (40) -times with respect to and putting = 0, we have
subject to the boundary conditions
where
, ( ) = (3 + 4)
and = { 1, if > 1, and 0, = 1.
Finally, the general solution of Eqs. (59), (60), (61), (62), (63) and (64) can be written as
and so the exact solution ( ), ( ), ( ), ( ), ( ) and ( ) becomes
Optimal convergence control parameters
It must be remarked that the series solutions (59), (60), (61), (62), (63) and (64) contain the nonzero auxiliary parameters ℏ , ℏ , ℏ , ℏ , ℏ and ℏ which determine the convergence region and also rate of the homotopy series solutions. To obtain the optimal values of ℏ , ℏ , ℏ , ℏ , ℏ and ℏ here the so called average residual error defined by Liao [16] were used as:
Due to Liao [16] 
For the lower disc the corresponding result is * = ′ (0),
which are the dimensionless exerted torques of the fluid on upper and lower discs.
The pressure or the normal force of fluid on upper disk
According to Hamza et al. [17] , the pressure or the normal force which the fluid exerts on the upper disc is given as:
where + ( , 1, ) in for conditions on the side of the disc and ( , 1, ) denotes the pressure at the edge of the disc at time [19] . Let us assume that + ( ,1, ) = 0 and using Eq. (9), we get
where Υ( , ) = 
Error analysis
The problem under consideration is solved by ℎ package BVPh 2.0 for a maximum residual error 10 −40 . Analysis are carried out using 40th-order approximations. Error analysis performed in Figure 1 and tabulated results given in Tables 1, 2 that error is almost continuously reduced up to 8th-order of approximation. Table 1 and Figure 2 Table 4 . presents optimal values of convergence control parameters as well as the maximum values of total average squared residual error versus different order of approximation.
Here, it is noticed that the solution obtained from momentum, energy and transport equations converges to exact solution as we increase the order of approximation. More justification of our accurate solution is supported with the help of Table 4 
Results
Influence of different flow parameters involved in the nonlinear ordinary differential Eqs. (10), (11), (12), (13), (14) and (15) subject to the boundary conditions given in , , , , , , , , , and . allow fluid to move in azimuthal direction which will increase velocity as shown in Figure 3 ( ), however after central region ( ) have opposite behavior. It is also noted that increasing the fluid between the discs region increase temperature due to the fraction of inflow with lower disc. The same but opposite behavior is seen for ( ) in Figure 3( ). Figure 4 ( -) depicts the effect of the squeeze rate of discs on axial, radial velocity components, heat and mass transfer rate. It is observed from Figure 4 ( ) that squeezing upper disc toward lower is decreasing axial velocity due to the fact that fluid is pushed toward lower disc and so it need to move in radial direction i.e. radial velocity needs to increasing but here it is decreasing due to fluid injection ( = −1 < 0) from lower porous disc. This effect is seen near central region of domain and so after central region it start increasing as injection effect is dominated by squeezing rate. Similarly Figure 4 ( -) shows that fluid injection from lower discs decreasing both heat and mass transfer rate. Table 5 indicates that increasing the distance between discs decreasing the heat flux, radial and tangential skin friction while mass flux increasing. Table 6 is made to show effect of Dufour number. It is clear from this table that has no effect on ′′ (0), − ′ (0) and − ′ (0) while it increasing both heat and mass flux. Effect of is shown in Table 7 where − ′ (0) decreases and − ′ (0), − ′ (0) and − ′ (0) have no influence of . The variation of load or pressure and the torque that the fluid exerts on discs are shown in Tables 8 and 9 . It is clear from Table 8 that increasing distance between increasing load along--axis. Also torque on lower disc is always positive and increasing where on the other hand torque is decreasing near the upper disc. Table 9 shows effect of on load and torques. It is clear from table that load and torque on lower disc is increasing with increase in where torque on upper disc is decreasing. These results agree with the theoretical and experimental results obtained by Hughes et al. [7] . Figure 9 shows effect of the axial component of the magnetic field on ( ), ( ), ( ), ( ). As we increase , the axial component of fluid velocity start increasing. Hence, can be used to increase the axial velocity and temperature of the fluid as shown in Figure 9 ( -). Also ( ) increases as increases, which is an expected result as the normal component of the induced magnetic field must increase with the increase of the normal component of external applied magnetic field. This phenomena is decreasing azimuthal component ( ) (Figure 12 ). These results agree with the results obtained by Hamza [12] and S. Elshekh [19] . Figure 10 represents the 3 view of ( ), ( ), ( ), ( ), ( ), ( ) with fixed values of involved parameters.
Conclusion
In this paper, Navier-Stokes equations along with variable magnetic field and heat/mass transfers are taken into account for the squeezing flow of viscous fluid between parallel discs. HAM is used to determine the series solution of fluid velocity components, magnetic field components, mass and temperature distribution. Main upshots of this paper are presented as below:
• It is concluded that magnetic field can be utilize to increase the axial fluid velocity.
• Increasing the velocity of upper disc away from lower is decreasing flow movement in radial direction while moving upper disc toward lower is increasing radial movement of fluid flow.
• Increase in rate of rotations of upper disc increase fluid flow in tangential direction and decrease velocities in remaining directions along with magnetic field components. Also this phenomena increase fluid temperature.
• Change in Dufour number has opposite behavior on heat and mass flux.
• Increase in magnetic Reynold's number decrease magnetic flux at lower disc.
• It is found that numerical solution obtained by BVP4c are in excellent agreement with analytical solution obtained by HAM.
• It is observed from Table 8 that increase in distance between discs increase pressure on lower disc. The same table shows that this phenomena increase torque on upper disc and decrease it on lower disc.
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